Purification and characterization of an inactive form of cAMP-dependent protein kinase containing bound cAMP.
By a new procedure, the holoenzyme of bovine heart type II cAMP-dependent protein kinase was purified to homogeneity as determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). A high performance liquid chromatography-DEAE purification step resolved two distinct peaks of protein kinase activity, which were designated Peak 1 and Peak 2 based on their order of elution. The two peaks exhibited similar Stokes radii and sedimentation coefficients. They had similar ratios of regulatory to catalytic subunits both by densitometric scanning of SDS-PAGE bands and by the ratios of equilibrium [3H]cAMP binding to maximal kinase activity. These results suggested that the holoenzyme of each peak contained two regulatory subunits and two catalytic subunits, although a subpopulation of holoenzyme lacking one catalytic subunit also appeared to be present in Peak 2. Assays of cAMP indicated that the Peak 1 holoenzyme was cAMP-free, but half of the Peak 2 holoenzyme cAMP binding sites contained cAMP. Determination of [3H]cAMP dissociation rates showed that the cAMP was equally distributed in binding Site 1 and Site 2 of Peak 2. Although SDS-PAGE analysis ruled out conversions by proteolysis or autophosphorylation-dephosphorylation, Peak 1 could be partially converted to Peak 2 by the addition of subsaturating amounts of cAMP. Interconvertibility of the two holoenzyme peaks strongly suggested that the difference between the two peaks was caused by the presence of cAMP in Peak 2. Peak 2 holoenzyme, as compared to Peak 1, had enhanced binding in nonequilibrium [3H]cIMP and [3H]cAMP binding assays, as was expected due to the presence of cAMP and to the known positive cooperativity in binding of cyclic nucleotides to the kinase. The positive cooperativity in kinase activation, as indicated by the Hill coefficient, was greater for Peak 2 than Peak 1, but the cAMP concentration required for half-maximal activation (Ka) of each of the two peaks was very similar. In conclusion, Peak 2 is an inactive ternary complex of cAMP, regulatory subunit, and catalytic subunit, and Peak 1 is a cAMP-free holoenzyme. The cAMP-bound form may represent a major cellular form of the enzyme which is primed for activation.